We measured the accumulation of virus-specific early RNA in BALB/3T3 cells infected by the ts3 mutant of polyoma virus by annealing cytoplasmic RNA from infected cells to purified, radiolabeled, "early" strand of polyoma DNA. Cells infected by the ts3 mutant fail to accumulate virus-specific early RNA at the nonpermissive temperature.
The ts3 mutant of polyoma virus is blocked early during lytic infection at the nonpermissive temperature, 390C (4) . The mutant fails to induce the synthesis of cellular DNA and viral DNA in resting BALB/3T3 cells at the nonpermissive temperature (4) . Infection by purified ts3 mutant viral DNA is not temperature-sensitive, and the ts3 mutant fails to complement other temperature-sensitive mutants in mixed infection (4) . Coinfection by wild-type polyoma and the ts3 mutant does not result in replication of the mutant viral DNA at the nonpermissive temperature (4) . The class D temperature-sensitive mutants of simian virus 40 (SV40) have a similar phenotype (12) .
Properties of the ts3 mutant suggest that the temperature-sensitive phenotype results from an altered virion protein, which prevents expression of viral genetic information during the early phase of lytic infection at the nonpermissive temperature (4, 12) . Frost et al. (6) have presented evidence that the ts3 mutant is defective in decapsidation at the nonpermissive temperature. The ts3 mutation is located in the late region of the polyoma genome, in the portion of the genome including the information for the minor virion proteins, VP2 and VP3 (3, 5) . The class D mutants of SV40 are located in the late region of the SV40 genome, in the portion of the genome coding for the minor virion proteins of SV40 (9) . Cells infected by two of the SV40 class D mutants, tsD101 and tsD202, show reduced amounts of virus-specific RNA at the nonpermissive temperature (1, 11).
We report here the results of studies of accumulation of virus-specific early RNA in cells infected by wild-type polyoma or by the ts3 mutant. Accumulation of virus-specific early RNA was measured by hybridization of cytoplasmic RNA from infected cells to the radiolabeled, purified, early strand of polyoma DNA. The results show that accumulation of virusspecific early RNA is blocked in cells infected by the ts3 mutant at the nonpermissive temperature.
To verify that the ts3 mutant was blocked at a step before the replication of viral DNA in BALB/3T3 cells at the nonpermissive temperature under the conditions used for our experiments, we infected confluent cultures of BALB/3T3 cells with wild-type polyoma or with the ts3 mutant at multiplicities of 5 PFU/cell. The infected cultures were incubated at the permissive temperature, 320C, and the nonpermissive temperature, 390C. Viral DNA synthesis was measured by radiolabeling the infected cultures with tritiated thymidine (5 ,uCi/ml, 5 x iO-7 M) from 18 to 36 h after infection at 390C and 24 to 48 h after infection at 320C. Viral and cellular DNA were separated by the method of Hirt (8) . The viral DNA was analyzed by velocity sedimentation through neutral sucrose gradients. The profiles of radioactive material in the gradients are shown in Fig. 1 . Cultures infected by the ts3 mutant failed to synthesize viral DNA at 390C, confirming previous results (4) .
To measure the accumulation of virus-specific early RNA, we infected cultures of BALB/3T3 cells as described in the legend of Fig. 2 infected by the ts3 mutant failed to accumulate significant amounts of early RNA at 390C compared with cells infected by wild-type polyoma. At 320C, early RNA accumulated in cells infected by either ts3 or wild type. (The concentration of early RNA in wild-type-infected cells is lower at 32 than at 390C because the infection proceeds more slowly at 320C, and less RNA has accumulated by 20 h after infection at 32 than at 390C.)
The small amount of early RNA in the ts3-infected cultures at 390C is shown to be RNA (rather than viral DNA contaminating the RNA preparation) by the alkali-treated control shown in Fig. 2 . We attribute the small amount of early RNA in the ts3-infected cultures at 39°C to leakiness of the mutant. (The ts3 mutant is less leaky in BALB/3T3 cells than in 3T6, mouse embryo, or Py 3T3 cells [4] , but even a small amount of leakiness in BALB/3T3 cells would be sufficient to account for the small amount of RNA at 39°C shown in Fig. 2.) A rough estimate of the number of molecules (2) . Polyoma DNA labeled to high-specific activity with tritium was prepared by "nick translation." The DNA was separated into complementary strands by hybridization with an excess of asymmetrical complementary RNA, followed by chromatography on hydroxylapatite. The Fig. 2 with the Crti/2 value for the hybridization of polyoma complementary RNA synthesized by Escherichia coli RNA polymerase to a radiolabeled, purified, "late" strand of polyoma DNA. Such a comparison (details given in B. Cogen, submitted for publication) shows that the wildtype-infected cultures analyzed in Fig. 2 contain approximately 300 molecules per cell of polyoma early RNA at 390C, whereas the ts3-infected cultures contain less than 3 molecules per cell at 39CC.
The failure of ts3-infected cells to accumulate early RNA at 390C is consistent with the failure of the mutant to express viral functions during lytic infection at the nonpermissive temperature. As the ts3 mutant maps in the region of the polyoma genome including the information for the minor virion proteins, VP2 and VP3, alterations in one or both of these proteins may affect transcription of virus-specific RNA during lytic infection. Another mutant of polyoma, ts59, appears to have a temperature-sensitive lesion affecting VP2 and VP3 (7). This mutant is not blocked during the early phase of infection, but shows decreased levels of virus-specific RNA during the late phase of infection at the nonpermissive temperature (7) .
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